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(54)ritie: INTO ACX:ULAR CONTACT LENS AND METHOD OF IMPLANTATION 

(57) Abstract 

This invention is an intraocular contact lens 
(10. 20. 30. 40. 50. 60, 70. 80) for implantation 
into the eye. The intraocular contact lens is 
provided with a transition between a lens portion 
and lens body portion to minimize edge formation 
that could potentially damage or wear the back of 
the iris. Further, the intraocuho- contact lens can 
have a variety of feamres including a groove (G) 
on the anterior surface for enhancing lubrication 
between the intraocular contact lens and die back 
of the iris, an air passageway (86) for equalizing 
the pressure between the anterior and posterior . . ^ . , ^. u i 

surface, and one or more indents (92) for manipulating the intraocular contact lens under the eye durmg die implantaticn opoauon while 
preventing contact of the natural lens widi the tip of die manipulating instrument. 
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INTRAOCULAR CONTACT LENS AND METHOD OF IMPLANTATION 



FIELD OF THE INVENTION 

This invention relates to intraociilar contact lens and methods of implanting 
intraocular contact lens in the eye. Specifically this invention rdates to contact lens 
for surgical inqdantation in the human eye, and to methods of implanting an intraocular 
contact lens in the human eye. 

BACKGROUND OF THE INVENTION 

Traditionally, contact lens woe developed and marketed for use on the exterior 
surface of the eye. The contact lens were initially all made from glass material, 
however, glass has been substantially replaced with synthetic plastic materials, 
particularly materials that minimize any reaction by the eye. 

In 1989, the foissians disclosed a silicon intraocular contact lois. Figure 26 
shows an eye fitted witfi the Russian intraocular contact lens revealing its m^od of 
attachment in the eye. Specifically, the intraocular contact lens 200 includes a curved 
lens body 202 in contact with the natural crystalline eye lens 204. In the center of the 
curved lens body 202 extends a protrusion 206 defining an annular groove 208 with the 
curved lens body 202. The protrusion 206 is fitted through the iris 210 so that the 
inner circular edge 212 of the iris 210 is recdved within the annular groove 208. 

In 1991, the Russians Qgain disclosed anew sDioon intraocular lens 300. Figure 
27 shows a transverse ooss-sectional view of the intraocular lens having a curved body 
portion 302 with an annular protrusion 304. The annular jnotnision 304 defines a 
substantially sharp circular edge 306. This particular lens has experienced some 
difficulties is use due to the substantially sharp circular edge 306 scrs^g against the 
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5 inside suifiu» of the iris repeatedly when the iris changes siM 
the iris to be scraped from the iris. 

SUMMARY OF TBE INVENTION 

10 An ofcgect of the present invention is to provide an improved intraocular contact 

lens. 

Another object of the present invention is to provide an intraocular contact lens 
having an outer surfece curvature that minimizes wear or damage to the back surface 
of the iris. 

15 Another further object of the present invention is to provide an intraocular 

contact lens with a smooth transition between the lens body portion and lens portion 
on the outo* surface of the intntocular contact lens. 

An even further object of the present invention is to provide an intraocular 
contact lens having at least one circular groove, in particular a circular groove, in the 

20 outer surface thereof. 

Another further object of the present invention is to provide an intraocular 
contact lens a through hole or passage between the posterior and anterior surfece of the 
intraocular contact lens in order to equalize the intraocular pressure. 

An object of the present invention is to provide an improved method of 
25 implantation of an intraocular contact lens. 

These an other objects of the present invention can be provided by various 
concepts that improve the configuration and arrangement over prior art intraocular 
contact lenses. 

TTie intraocular contact lens according to the present invention is provided wifli 
30 an outer radius of curvature between the lens body portion and the lens portion that 
smoothly transitions therebetween. Spedfically, there exists a transition in the outer 
radius of curvature of the lens between the lens body portion and the center lens 
portion, it is in^ortant that the transition in the radius of curvature between these two 
portions or zones is such that there is minimum edge formation so as to prevent damage 
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S orweartotliebackof Oeiris. A transiticm can be made that has a gradient of 

of curvatuie within very small dimensions at the transition between the lens body 
portion and the ocnta lens portion so that the transition is smooth. Such an 
arrangement works well witiiin Ae eye and does not appear to damage or wear the back 
of the iris, and is a significant im p ro v em ent over die prior art intraocular contact lenses 

10 derived from Russia that do cause damage and wear to die back of the iris. 

Another concqit according to the present invention is to provide at least one 
groove in the anterior surface of the intraocular contact lens. The groove can be a 
angle groove or a pattern of grooves, and the groove(s) can be circular shaped, straight 
^hapod, curve shsqied, or combinations of shapes thereof. Further, the cross-sectional 

IS shape of the groove can be one-half circle, square, V-shs^ or other suitable cross- 
sectional shsqie. 

Thegrooveispreferably in the arrangement of a circular groove located in the 
lens body portion and surrounding the lens body. This circular groove allows for good 
drculation of eye fluid that £su:ilitates lubrication between the intraocular contact lens 

20 and the back of the iris. Other groove configurations can be utilized, however, the 
circular configuration a^ipears to work v^ wdl. 

A furtiier concept according to die present invention is to provide a passageway 
in the intraocular contact lens between the posterior and anterior surface of the 
intraocular contact lens to equalize the intraocular pressure between the anterior surface 

25 and posterior surface of the intraocular cmtact lens allowing for an equalization of 
pressure betwem the antnior chamber and posterior chamber of the eye. The 
passageway can be provided in a variety of dififinent forms including grooves in the 
anterior surface and posterior surfoce that connect together forming a continuous air 
passageway, a hole or otiier type of air passageway through the thickness dimension 

30 of die intraocubr contact lens at one or more specific locations. For example, both the 
anterior surflEioe and posterior sur&ce of the intraocular contact 1ms can be provided 
each with a circular ^tiBped groove and a single radial outwardly extrading groove 
extending fix>m the drcular groove to the edge of the intraocular lens witfi botii radial 
outwardly extending grooves meeting at die same periph^ position providing a 
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S continuoiis air passageway coniiecting the dicular shaped grooves. In another 
embodiment, prefnabiy one or more holes are provided near the perimeter of tiie 
intraocular contact lens. Inafurtfaerembodiment» moreimfiaably, ahoieis pro^ 
in the center of the intraocular contact lens along the optical axis of the intraocular 
contact lens that provides the best locatim for equalization of intraocular pressure, and 

10 does not effect the optics of the intraocular omtact lens. 

An even further concept is to provide blind holes in the anterior surface of the 
intraocular contact lens to be used in the process of lens insertion and positioning the 
intraocular contact lens under the iris without touching the natural lens. 

Hie method of implanting an intraocular contact lens according to the present 

15 invention includes pladng the intraocular lens in the posterior chamber of the eye 
between the natural human crystalline lens and the iris. Further, an important 
procedure in die iniplantation mediod includes providing one or more through holes in 
the iris to place the anterior cfaarhber and posterior ctizmber in fluid communication to 
allow equalization of pressure thad)etween. This prevents the intraocular contact lens 

20 bdng sucked into tight contact with the back of the iris potentially causing significant 
damage and wear to the back of the iris. This affect is due to a differential pressure 
between the posterior and anterior chambers. Thus, the one or more through holes 
alleviates the situation. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-secdonal view of a positive intraocular contact lens 
according to the present invention, as indicated in Figure 3. 

Figure 2 is a cross-secdonal view of the intraocular lens in Figure 1, as 
30 indicated in Figure 3. 

Figure 3 is a top planar view of the positive intraocular lens as shown in 
Figmes 1 and 2. 

Figure 4 is a cross-sectional view of another embodimoit of a positive 
intraocular contact lens according to the present invration, as indicated in Figure 6. 
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S Figiue 5 is a ooss-sectional view of the positive intraocular contact lens shown 

in Figure 4» as indicated in Figure 6. 

Figure 6 is a top planar view of the positive intraocular contact lens as shown 
in Figures 5 and 6. 

Figure 7 is a table of examples of positive intraocular contact lenses directed 
10 to the two embodiments shown in Figures 1-6. 

Figure 8 is a cross-sectional view of a negative intraocular contact lens 
according to the presmt invention, as indicated in Figure 10. 

Figure 9 is a cross-sectional view of the Dilative intraocular contact lens shown 
in Figure 8, as indicated in Figure 10. 
IS Figure 10 is a top planar view of the negative intraocular contact lens shown 

in Figures 8 and 9. 

Figure 11 is anotiier embodiment of a negative intraocular contact lens 
according to the present invration, as indicated in Figure 12. 

Figure 12 is a cross-sectional view of the intraocular lens shown in Figure 11, 
20 as indicated in Figure 13. 

Figure 13 is a top planar view of the negative intraocular contact lens shown 
in Figures 11 and 12. 

Figure 14 is a table of examples of negative intraocular Imses directed to the 
two embodimrats shown in Figure 8-13. 
25 Figure IS is a top planar view of another embodiment of a positive intraocular 

contact lens according to the present invention. 

Figure 16 is a cross-sectional view of tiie positive intraocular contact lens, as 
indicated Figure IS. 

Figure 17 is a partial detailed cross-sectional view of a portion of the positive 
30 intraocular lens shown in Figures IS and 16, illustrating the detailed curvature tiiereof . 

Figure 18 is a table indicating the detailed curvature as an example of the 
embodiment of die positive intraocular lens shown in Figures lS-17. 

Figure 19 is anotiier embodiment of a negative intraocular contact lens 
according to the present invention. 
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5 Figure 20 is a top planar view of another negative intraocular contact lens 

according to the present invention with a circular groove in the lens body portion 
thereof. 

Figure 21 is a cross-sectional view of the negaUve intraocular contact lens, as 
indicated in Figure 20. 

10 Figure 22 is a top planar view of a preferred embodiment of an intraocular 

contact lens according to the present invention provided with a through hole in the 

optical center thereof. 

Figure 23 is a cross-sectional view of the intraocular contact lens, as indicated 

in Figure 20. 

15 Figure 24 is a cross-secdonal view of an eye having an intraocular contact lens 

according to the present invention implanted therein. 

Figure 25 is a cross-sectional view Uie eye with a prior art intraocular contact 

lens implanted therein. 

Figure 26 is a cross-sectional view of another embodiment of a prior art 

20 intraocular contact lens. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

An embodiment of a positive intraocular contact lens according to the present 

25 invention as shown in Figures 1-3. 

Hie intraocular contact lens 10 is defined by an oval-shaped lens body portion 
12 defined by major axis diameter DM and minor axis diameter Dm, and radius R2, 
and a circular shaped lens portion 14 having a diameter Do. 

The lens portion 14 has a thickness Tc and tiie lens body portion 12 has an edge 
30 tiiickness Te, as shown in Figure 1. Further, the lens portion 14 has a curvature SRfr, 
and the lens body portion 12 has an outer curvature SRo and an inner curvature Sri. 

Anottier embodiment of a positive intraocular contact lens according to tiie 
present invention as shown in Figures 4-6. 
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S Tiiemtiaociilar contact lens 20 is defined by an 

22 defined by nugoraxis diametBrDM and minor axis diameter Dm, and a radius R2, 

and a dicular shaped lens portion 24 having a diameter Do. 

Ilje kns portion 24 has a thickness Tc and tiie lens body portion 22 has an edge 

thickness Te, as shown in Figure 4. Further, the lens portion 24 has a curvature SRfr 
10 and the lens body portion 22 has an outer curvature SRfi[2(SRo) and an inner curvature 

Sri. 

Specific examples of the positive intraocular contact lens are given in the table 
in Figure 7. In these examples, T = 0.05 ± 0.02mm, Sro = 9.4 ± 0.1, Sri « 9.8, 
DM = 10.5 ± 0.1mm, Dm = 6 ± 0.3mm and R2 ± 0.1. 
15 An embodiment of a negative intraocular contact lens according to the present 

invention as shown in Figures 8-10. 

Hie intraocular contact lens 30 is defined by an oval-shaped lens body portion 
32 defined by major axis diameter DM and minor axis diameter Dm, and having a 
radius R2, and a circular shaped lens portion 34 having a diameto* Do. 
20 The lens portion 34 has a ducknessTc and the lens body portion 32 has an edge 

tfiicknessTe, as shown in Figure 8. FurUrn, the lens portion 34 has a curvature SRfr 
and die lais body portion 32 has an outw curvature SRo and an inner curvature Sri. 
Another embodiment of a negative intraocular contact lens according to the 

jvesent invoition as shown in Figures 1 1-13. 
25 The intraocular contact lens 40 is defined by an oval-shi^ lens body portion 

42 defined by major axis diameter DM and minor axis diameter Dm, and having a 
radius R2, and a circular sha^ lens portion 44 having a diameter Do. 

Hie lens portion 44 has a thickness Tc and the lens body portion 42 has an edge 
tfaicknessTe, as shown in Figure 11. Ftirther, the lens portion 44 has a curvature SRfr 
30 and the lens body portion 42 has an outer curvature SRfi2 (SRo) and an inner curvature 

Sri. 

Specific examples of the positive intraocular contact lens are given in the table 
in Figure 14. In these examples, T = 0.05 ± 0.02mm, Sro =« 9,4 ± 0.1, Sri = 9.8, 
DM = 10.5 ± 0.1mm, Dm = 6 ± 0.3mm and R2 ± 0,1. 



wo 96/10968 



PCrAJS95/12614 



5 A further embodiment of a positive intraocular contact lens SO is shown in 

Figures 15-17. 

The intraocular contact lens 50 is defined by an oval-shsQ)ed lens body portion 
52 defined by major axis diameter DM and minor axis diameter Dm, and radius R2, 
and a circular sha^ lens portion 54 having a diameter Do. The lens portion 54 has 
10 a thickness Tc and the lens body portion 52 has an edge thickness Te, as shown in 
Figure 16. 

The detail curvature of the intraocular contact 1ms is shown in Figure 17. An 
example of tiiis particular lens is given in the table in Figure 18 with the designations 
R1-R8 corresponding to Figure 17. 
15 A further embodimrat of a negative intraocular contact lens 60 is shown in 

Figure 19. The advantage of this embodiment is that a small gap exists between the 
intraocular contact lens cento: and the natural lens allowing for flow of body fluids, 
and to minimize friction which could potmtially cause mechanical damage and 
cataracts in the eye. 

20 An even further embodiment of a negative intraocular contact lens 70 is shown 

in Figure 20. 

Hie intraocular contact lens 70 is defined by an oval-shaped lens body portion 
72 defined by major axis diameter DM and minor axis diamet^ Dm, and a circular 
shaped lens portion 74 having a diamet^ Do. The lens portion 74 has a thickness Tc 
25 and the lens body portion 72 has an edge thickness Te, as shown in Figure 21. 

The important feature of this embodiment is the circular groove G provided in 
the lens body portion 72 surrounding the lens portion 74. The circular groove G 
allows for circulation of fluid inside the eye. Furtho^, the groove G can be used for 
lens manipulation during surgery, and facilitates the equalization of intraocular 
30 pressure. 

A preferred embodiment of an intraocular contact lens 80 having a lens body 
portim 82 and lens portion 84, as shown in Figs. 22 and 23. In this embodiment, an 
air passageway 86 (e.g. hole) is provided in the center optical axis of the lens portion 
84 for equalizing the pressure between the anterior surface 88 and posterior surface 90 
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5 of the intiaocular contact lens 80. This air passageway 86 allows for equalization of 
pressuxe b^ween the antoior diamber and posterior diamber of tiie eye. Otherwise, 
a significant suction or negative pressure can occur on the anterior surfoce of the 
intraocular contact lens sucking the back of the iris into contact therewith and causing 
damage or wear to the iris. 

10 Ilie intraocular contact lens 80 is provided witii a pair of indents 92, as shown 

in Figs. 22 to 24, for allowing the intraocular contact lens 80 to be manipulated under 
die iris during die imidantation operation. The indoits 92 are significantly better than 
through holes for purposes of manipulation, since the bottoms of the indents prevent 
pen^radon of a manipulating tool through the lens and inadvotoitly into contact with 

IS the natural Iras diat would cause an immediate cataract of the natural lens. 

Figure 25 illustrates die manner in which an intraocular contact lens 100 
according to the jmsoit invention is located in die eye. 

The intraocular contact lens 100 is positioned over the natural crystalline lens 
102 and undemeaUi die iris 104. The intraocular contact lens 100 is located in die 

20 posterior chamber 106. 

As an alternative or in addition to providing an air passageway in the intraocular 
contact lens htivreai the ant^ior surface and postraior surfiace thereof, at least one 
through hole 108 can be provided in the iris 104 providing a conduit between the 
posterior diamber 106 and anterior dtaivbet 1 10. The hole 108 allows for equalizaticm 

25 of die pressure between the posterior chamber 106 and die anterior chamber 110 so diat 
the iris 104 is not continuously sucked into contact widi the intraocular cmitact lens 
potentially causing damage or wear to die back of die ixis 104. 
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S LCLAIM: 

1. M intraocular omtact lens, comprising: 

a center lens portion; and 

a lens body portion surrounding said center lens portion, said center lens portion 
10 and said lens body portion defining a continuous outer surface having a smooth 
transition between an outer surface of said center lens portion and an outer surface of 
said lens body portion. 

2. A lens according to Claim 1, wherein said smooth transition is defined by a 
15 gradient of varying outer surface curvature in a relative small distance between said 

outer surfaces. 

3. A lens according to Claim 2, wherein a gradient of said smooth transition 
between said center lens portion and said lens body portion is within the range of 2 to 

20 6 diopt^ in power. 

4. A lens according to Claim l,induding at least one groove provided in an outer 
surface of the lens. 

25 5. A lens according to Claim 4, wherdn said groove is a circular shaped groove. 

6. A lens according to Claim 5, wherein said circular groove is located in said 
out^ surface of said lens body portion. 
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S 7. Alensacc(mlingtoQaim4,.wheivinsaidgnx)veisastxaightgroove. 

8. AlemaoconlingClaim4, whereinsaidginoveisacurv^ 

9. A lens aooording to Claim 1 , induding at least one passageway for equalizing 

10 tte pressure between an anterior surte and posterior surface of the intraocito 
lens. 

10. A lens according to Claim 9, wherein said passageway is a hole through a 
thickness dinwnsion of the intraocular contact lens. 

15 

11. A lens according to Claim 10, wherein said hole is located in a center of said 
center lens portion. 

12. A lens according to Claim 10, wherein said hole is located in the center of an 
20 optical axis of the intraocular contact lens. 

13. An intraocular contact lens, cominising: 
a cento- lens portion; 

a lens body portion surrounding said center lens poitian; and at least one groove 
25 in an anterior surface of the lens. 
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5 14. Alcnsaocordi«igtoClaiml3.whcielnsaklatl^ 
groove to fedlitate circulation of eye fluid. 

15 . A lens according to Claim 13, wherein said circular groove is located in an 
anterior surface of said lens body portion. 

10 

16. A lens according to Claim 14. wherein said groove has a half drele cross- 
sectional shape. 

17. A lens according to Claim 13. wherein said center lens portion and said lens 
15 body portion define a continuous outer surface having a smootii transition between an 

outer surfece of said center lens portion and an outer surface of said lens body portion. 

18. A lens according to Claim 13 , including at least one passageway for equalizing 
the pressure beb««n an anterior surface and posterior surfece 

20 lens. 

19. A lens according to Claim 14, including at least one passageway for equalizing 
the pressure between an anterior surface and posterior surface of tiie inti^ 

lens. 



25 



20. An intraocular contact lens, comprising: 
a center lens portion; 
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5 a lens body poitira sunounding said center lens poilioa; and 

at least (xie passageway for equalizing the pressure between an ant^or suifooe 
and postcaicv suffiaoe of the intraocular contact lens. 

21. A lens according to Claim 20, wherein said passageway is located in a center 
10 of said centra- lens portion. 

22. A lens according to Claim 20, including at least one groove in an anterior 
surface of the intraocular contact lens to fadlitate circulation of eye fluid. 



IS 23. A lais according to Claim 20, wherdn said cent^ lens portion and said lens 
body portion define a continuous outer surface having a smooth transitim between an 
outer suriiace of said center kns portion and an outo^ surfoce of said lens body portion. 

24. A lois according to Claim 21, wherein said center lens portion and said lens 
20 body portion d^ne a continuous aaiba surface having a smooth transition between an 
outer surface of said center lens portion and an outer surface of said lois body portim. 



25. A method of implantation of an intraocular contact lens, comprising the st^s 
of: 

25 making an incision in the ^e; 

inserting an intraocular contact leas inside the eye; 



wo 96/10968 



PCTAJS9S/12614 



- 14- 

5 making at least one through hole in die iris to fluidly ccmnect posterior and 

anterior chambers of the eye; and 

closing the incision in die eye* 

26. A method according to Claim 25, wherdn said contact lens has a smooth 
10 transition between and outer sur£ace of a center lens portion and outer surface of a lens 
body portion of the lens. 



27. A m^hod according to Claim 25, wherein said contact lens includes a least one 
groove on the outer surface of the lens. 
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